On primary isolation from natural sources, bovine tubercle bacilli grow more poorly on ordinary culture media than do h u m a n tubercle bacilli. After prolonged incubation or numerous transfers, however, they often give rise to variants which grow more rapidly (1-4). The primary, slow growing cultures have been called "dysgonic" and the variant rapidly growing strains "eu-
that the former did not grow or grew very poorly in a medium containing 0.02 per cent Tween 80, 0.1 per cent albumin, 1 per cent glucose, and either 0.1 per cent NH4C1 or 0.2 per cent sodium glutamate. Eight of the ten bovine strains tested were dysgonic, but one of them became rather eugonic after several months during which the culture was transplanted every 10 to 15 days in the Tween-albumin medium, and this strain was discarded. The solid lines represent the growth of a eugonic strain in the presence of glucose varying from 1 to 10 mg./ml, and 0.35 mg./ml. Tween 80.
The concentrations of glucose and Tween are indicated on the charts in figures corresponding to milligrams per milliliter. The medium contained NH4C1, 1.0 mg./ml.; bovine albumin, 1.0 mg./mL The media were inoculated with a 7 day old culture on Tween-albumin medium to give a final culture dilution of 10 -~.
Because of the poor growth of the dysgonic strains in the medium de. scribed, the effect of various concentrations of Tween 80 on their growth was tested. Such an experiment is illustrated by Fig. 1 . The broken lines represent the growth of a dysgonic strain in media containing 10 mg./ml, of glucose and amounts of Tween 80 varying from 0.1 to 2.0 mg./ml. There was no growth in the absence of Tween, whereas the amount of growth increased with increasing concentrations of it. The total amount of growth was roughly proportional to the amount of Tween added, except that very large concentrations gave lower yields than those expected, probably on account of a toxic effect. In cultures which had stopped growing in the presence of a limited amount of Tween, further additions of this substance immediately led to new growth.
Thus, Tween 80 appeared to facilitate the growth of the dysgonic strains. Increase in the concentration of this substance increased not only the total amount but also the rate of growth. However, even at concentrations of Tween which produced maximal stimulation, the growth rate of the dysgonic strains was not exponential but almost linear.
By contrast, eugonic bovine strains, as illustrated by the solid lines in Fig.  1 , exhibited rapid and exponential growth in the presence of 10 mg./ml, of glucose and 0.35 mg./ml, of Tween. The addition of larger amounts of Tween produced no further stimulation and growth also occurred in its absence, but at a lower rate. Thus Tween appeared to be stimulating but not essential for the growth oi the eugonic strains.
FIG. 2.
Colonies of a dysgonic strain of M. tuberculosis bovis grown on oleic acid-albumin agar or albumin-agar. The plates were inoculated with 0.1 ml. of a 10 -6 dilution from a culture in Tween-albumin medium and incubated at 37°C. for 17 days. >( 1.6. The photographs were made by Mr. Julian Carlile.
The growth of dysgonic bovine strains was stimulated not only by Tween 80 but also by oleic acid that had been rendered non-toxic for the bacilli by the addition of bovine albumin. This is illustrated by Fig. 2 , which shows that colonies of a dysgonic strain were larger on oleic acid-albumin agar than on the agar medium without oleic acid.
The Effects of Glucose and Glycerol on the Growth of Dysgonic and Eugonic Bovine Strains.--It was reported in previous papers (7, 8) that the growth rate of human tubercle bacilli increased with the amount of glucose added to the medium and attained its maximum when the concentration of glucose was 10 mg./ml. Fig. 1 illustrates this same effect of glucose on the growth rate of eugonic bovine strains. Fig. 3 shows the effect of glucose on the growth of a dysgonic bovine strain. The uppermost section of this figure shows growth in the presence of a relatively large amount of Tween 80 and various concentrations of glucose. The growth rate increased slightly with increasing amounts of glucose, but with the largest amounts the total growth stopped at a lower density level than in the presence of smaller amounts. The two lower sections of Fig. 3 represent the growth in the presence of smaller amounts of Tween 80. Under these conditions, the depressing effect of glucose on total growth was already manifest at lower concentrations of glucose and the amount of glucose optimal for growth decreased from 5 to 2.5 or even 1 mg./ml. Table I Tween 0.6, qluco~,e vat',J. corresponding to milligrams per milliliter. The culture medium contained: sodium glutamate, 2.0 mg./ml.; NHaC1, 1.0 mg./ml.; bovine albumin, 1.0 mg./ml. The media were inoculated with a 12 day old culture on Tween-albumin medium added to give a final dilution of 10 -~.
shows that high concentrations of glucose retarded or completely inhibited the growth of small inocula of a dysgonic strain. Table II shows the comparative effects of glycerol and glucose on the growth of two dysgonic strains. The effects were similar but glycerol was less stimulating in low concentrations and less inhibitory in high concentrations than was glucose. Apparently glycerol is metabolized less readily than glucose by dysgonic strains. The time (hours) is shown at which the cultures attained a standard density of 0.02 (95.5 per cent transmittance), representing the growth of 9 generations. The culture medium contained glutamate, 2.0 mg./ml.; NH~C1, 1.0 mg./ml, bovine albumin, 1.0 mg./ml. The media were inoculated with a 12 day old culture in Tween-albumin medium to give a 10 ~ final culture dilution corresponding to 80,000 viable bacilli per ml. The culture medium contained: glutamate, 2.0 mg./ml.; NH4C1, 0.5 mg./ml. Tween 80, 0.5 mg./ml.; bovine albumin, 1.0 mg./ml. The media were inoculated with a 12 day old culture in Tween-albumin medium to give a final culture dilution of I0 -a. stearic (Tween 60) sorbitan compounds were similar to those obtained with the oleic acid (Tween 80) sorbitan compound.
Experiments on the effects of sodium oleate, palmitate, and stearate on the growth of two dysgonic bovine strains are summarized in Table III . These salts were added to the basal culture medium in admixture with one hundred times their concentration of albumin in order to neutralize their toxicity. The basal medium contained 0.01 per cent Tween 80 (= 25 ug./ml, oleate), 0.25 per cent sodium glutamate, 0.2 per cent glucose, and 0.25 per cent albumin. After inoculation 25 ug./ml, of sodium oleate, palmitate, or stearate (or water) was added to this medium. Table III shows that the final growth levels were nearly identical for these three soaps. The growth yield per weight unit of the soaps was of the same order as that obtained with an equivalent amount of the oleic sorbitan compound.
Sodium glutamate, acetate, succinate, malate, and pyruvate were also tested for their ability to replace fatty acids. The results of these experiments are summarized in Table IV . It can be seen that the addition of these sub- The culture media contained: glutamate, 2.5 mg./ml.; NH~C1, 0.5 mg./ml.; glucose 2.0 mg./ml.; Tween 80 0.1 mg./mL; bovine albumin, 2.5 mg./ml. The media were inoculated with a 6 day old culture in Tween-albumin medium to give a final dilution of 10 ~. stances to a basal medium containing Tween 80, a nitrogen source, glucose, and albumin increased the final growth level in the presence of a given amount of Tween 80, but did not make the growth of these strains independent of Tween.
The results obtained with pyruvate are particularly interesting. It has been shown by Boissevain (II, 12 ) that the addition of 0.1 per cent of pyruvate rendered Long's synthetic medium suitable for the growth of most dysgonic strains of bovine tubercle bacilli, and by Stonebrink (13) that the addition of 0.3 per cent pyruvate to an egg medium, accelerated the growth of dysgonic strains on primary isolation. The present experiments showed that the addition of pyruvate to a medium containing glucose markedly shortened the time required for growth to become visible (Table V) and considerably increased the final growth level (Table IV and Fig. 4 ). This stimulation of growth was observed not only in the presence but also in the absence of Tween. In the latter case, however, the total growth was not quite as large The resulting growth was measured as optical density and the maximal values are recorded in the tables. The media were inoculated with a 10 day old culture in Tween-albumin medium to give a final culture dilution of 10 -~.
as in the presence of it. Apparently, then, pyruvate was able, in large measure, to replace fatty acid in the growth of dysgonic bovine strains.
Similar results were obtained in media with glycerol and pyruvate, but only in the presence of Tween 80 (Table VI) . It is remarkable that the stimulating effect of pyruvate was greatest in the presence of high glucose and glycerol concentrations which by themselves inhibited growth. Pyruvate alone had very little effect on growth in a concentration of 0.1 per cent and inhibited growth in higher concentrations. The time (hours) is shown at which the cultures attained a standard density (95.5 per cent transmittance), representing the growth of 9 generations. The culture medium contained glutamate, 2.0 reg./m1.; NH~ C1, 1.0 reg./m1.; bovine albumin, 1.0 reg./m1. The media were inoculated with a 11 day old culture in Tween-albumin medium to give a 10 -4 final culture dilution. FIo. 4. Effect of sodium pymvate and glucose on the growth of a dysgonic strain of M. tuberc~osis bo~s. The concentrations of glucose and pyruvate are indicated on the charts in figures corresponding to miUigrams per ndlliliter. The culture medium contained: sodium glutamate, 2.0 mg./ml.; NH4CI, 0.5 mg./ml.; Tween 80, 0.1 mg./ml.; bovine albumin, 1.0 mg./ml.; glucose varied. The media were inoculated with an 11 day old culture on ~een-albumin medium to give a final culture dilution of 10 -4 Variation from "Dysgonic" toward "Eugonic" in Bovine Tubercle Bacilli, and from "Smooth" to "Rough" in Avian Tubercle Bacilli.--During these investigations, eugonic variants could be recognized in a dysgonic culture on albumin agar or oleic acid-albumin agar by the greater opacity of their colonies. These "opaque" variants differed from the "transparent" type by their faster growth, higher yields at a given Tween 80 concentration and decreased susceptibility to the inhibiting effect of high concentrations of glucose. The growth of these variants, however, was poor as compared with that of the true eugonic strains. The variation from dysgonic toward eugonic, although incomplete, was readily observed on these media.
Variations in colony morphology have also been described in avian tubercle bacilli. It was shown by Dubos and Davis (9, 10) that the growth of smooth avian tubercle bacilli is strongly stimulated by fatty acids. We were fortunate in having available smooth and rough variants of an avian strain isolated by 
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The culture media contained glutamate, 2.0 mg./ml.; N~4C1, 1.0 mg./ml.; bovine albumin, 1.0 mg./ml. The media were inoculated with 12 day old culture in Tween-albumin medium to give a 10 -4 final culture dilution.
* No growth occurred when Tween 80 was omitted.
Dr. C. H. Pierce, permitting study of the effects of Tween 80 and glucose upon their growth. As shown in Fig. 5 , the growth rate of the smooth strain was very slow in the presence of 1 per cent glucose and a small amount of Tween, but increased markedly with increase in Tween concentration. By contrast, the rough strain showed a high rate of growth in the presence of 1 per cent gluc6se and a small amount of Tween, but there was only a slight stimulating effect when the Tween concentration was increased. The rough strain, therefore, was apparently less dependent for rapid growth on a supply of fatty acid in the medium than was its smooth parent strain.
The Isolation of Bovine and Avian Tubercle Bacilli from Natural Sources.-
The more rapid growth of the dysgonic bovine and smooth avian strains on media containing fatty acid suggested the use of these media for the isolation of bovine tubercle bacilli from natural sources. Five specimens ~ of lymph glands from tuberculous cows have been examined so far. They were treated with 4 per cent sodium hydroxide according to the procedure of Petroff and then inoculated in various dilutions on Loewenstein-Jensen medium, oleic acid-albumin agar, and albumin agar. The last two media were used either supplemented with 0.5 per cent glucose or without glucose. In all cases, the colonies appeared in less than 2 weeks on oleic acid-albumin agar without glucose and increased rapidly in size. Oleic acid-albumin agar with glucose and simple albumin agar with or without glucose gave less rapid growth. On Loewenstein-Jensen medium, three specimens completely failed to grow; the others gave visible growth only after 3 to 5 weeks. One specimen of avian The culture medium contained (NI-I4)2SO4, 1.0 mg./ml.; glucose, 10.0 mg./ml.; bovine albumin, 1.0 mg./ml. The media were inoculated with a 7 day old culture on Tweenalbumin medium, to give a final culture dilution of 10 -2 tuberculosis in a hog showed growth of typical colonies of avian tubercls bacilli on the 6th day of incubation on oleic acid-albumin agar. These coloniee could be distinguished easily from colonies of bovine bacilli by their greater transparency and glistening surface. On Loewenstein-Jensen medium, colonies could be detected only after 2~ weeks. The oleic acid-albumin agar medium therefore seems to be preferable for the isolation of bovine and avian tubercle bacilli from natural sources. fatty acids stimulate the growth rate of human and eugonic bovine strains, but they are also necessary for the growth of dysgonic bovine strains. Dysgonic strains cultivated in liquid media with fatty acids do not, however, grow as fast as eugonic strains. Their growth rate is linear, in contrast to the exponential growth rate of the eugonic strains. This suggests that the growth of dysgonic strains is related not only to the amount of fatty acid supplied but also to the rate at which the fatty acids are converted into essential metabolites. This rate appears to be growth-limiting.
The well known effect of high concentrations of glycerol in inhibiting or retarding the growth of dysgonic bovine strains (14) was confirmed in this study. It was also found that low concentrations of glucose stimulated, and high concentrations inhibited, the growth of small inocula of these strains. Growth inhibition by high concentrations of glucose may be the consequence of the failure of the dysgonlc strains to synthesize essential metabolites from fatty acids at an increased rate in response to an increased glucose supply. Therefore the relative metabolite deficiency of the cells of the dysgonic organisms increases under these conditions, leading to cell damage and inhibition of growth. Partial disintegration has actually been observed in human and eugonic bovine tubercle bacilli grown in a medium with a high concentration of glucose but very deficient in nitrogen source. Under these conditions, the bacteria utilized their own nitrogenous material for growth, thereby depleting their own nitrogen resources to such a degree that they underwent partial disintegration (13, 15) .
The addition of pyruvate enabled dysgonic strains to grow in media with° glucose in the absence of fatty acid, and in media with glycerol in the presence of only minimal amounts of fatty acid. Pyruvate is an intermediate compound in the metabolism of glucose and glycerol. The observation that pyruvate had to be added in order to permit dysgonic strains to grow in media with glucose or glycerol but without fatty acid suggests that the mechanism for the conversion of glucose and glycerol into pyruvate may be disturbed in dysgonic strains. The fact that pyruvate replaces fatty acid in the growth of dysgonic strains suggests that either may act as a suitable source for the formation of essential metabolites. Two pathways may exist for the formation of these metabolites: the one goes via pyruvate which is normally produced during the metabolism of glucose or glycerol, and the other utilizes fatty acid as starting material. The first pathway presumably cannot be utilized by dysgonic strains because of their apparent inability to convert glucose or glycerol into pyruvate, but the second pathway starting from fatty acid is open. It follows that fatty acids are necessary for the growth of the dysgonic strains. In eugonic strains, both pathways are open and are utilized simultaneously or alternatively, according to the availability of the nutrients.
The variation of bovine tubercle bacilli from the dysgonic to the eugonic form seems to consist in the acquisition of the ability to metabolize glucose and glycerol in such a way that they can serve as sufficient sources of carbon and energy. The nature of the metabolic deficiency in dysgonic strains has not yet been fully investigated. The eugonic variants that arise in dysgonic cultures are probably due to mutation. This view is suggested by the observation that eugonic variants were found as rare isolated colonies ~'hen certain dysgonic strains were plated on albumin agar or oleic acid-albumin agar media. These variants probably are selected by the use of media with no or low fatty acid content and high glucose or glycerol content on which only eugonic variants are able to grow. Such media (e.g., glycerinated potato broth or the synthetic media of Sauton or Long) have indeed been found the most favorable for the isolation of eugonic variants (9) . Our experiments with smooth and rough avian tubercle bacilli suggest that the metabolic pattern and the mechanism of their "dissociation" are somewhat similar to those of bovine strains. The growth of the smooth avian strain, like that of the dysgonic bovine strains, was more stimulated by fatty acid than by glucose; and the rough avian variant, like the eugonic bovine strains, was more stimulated by glucose than by fatty acid. Smooth avian strains, however, in contrast to dysgonlc strains, are able to grow without fatty acid and, therefore, are not, strictly speaking, dysgonic. They require fatty acid only for rapid growth. Rough avian variants have been most frequently observed on the media which favor the growth of the eugonic variants of bovine strains (9) .
SUMMARY
The nutritional requirements of dysgordc and eugonic bovine tubercle bacilli were investigated in liquid Tween-albumin medium. The following conclusions were reached.'---Dysgonic bovine tubercle bacilli require for multiplication long chain fatty acids which can be supplied as oleic, palmitic, or stearic acid whereas eugonic bovine strains can grow in the absence of fatty acid and can utilize glucose as a sufficient source of carbon.
In the presence of fatty acids, the growth of dysgonic strains is increased by the addition of small amounts of glucose or glycerol, whereas large amounts of glucose or glycerol decrease the total growth and inhibit or retard the growth of small inocula.
In glucose-fatty acid media, the growth of dysgonic strains is further stimulated by the addition of sodium glutamate, succinate, malate, or acetate.
Sodium pyrnvate enables dysgonic strains to grow rapidly in liquid medl, containing glucose or glycerol even in the absence of fatty acid.
The significance of these findings for the mechanism of the variation from "dysgonlc" to "eugonic" is discussed.
